This study evaluates a number of power-saving measures that were applied on individual electric appliances to investigate their contributions to energy savings of the electricity network. In order to carry out the study, power-saving measures were applied on all appliances under study for certain period periods at the Universiti Malaysia Sarawak (UNIMAS). The appliances are the air conditioner (AC), computers, lightings and closed-circuit television (CCTV). As a means of validating the accuracy of models developed for electricity costs, a comparison of was done between measurements taken from the electricity network and those taken from PowerLogic PM5350 power meter (PM5350) installed for the purpose of this research. The results from model analysis show significant cost savings of 39.9%, 20.3%, 8% and 0.6% when control strategies were applied to AC, lightings, computers and CCTV.
INTRODUCTION
At present, 17.7% of world energy is produced from electricity ( Figure 1 ), hence the efficient use of it can lead to a significant reduction in electricity costs. [1] explored energy costs savings for electric water pumping systems in South Africa. In the study, a simulation model was developed for measurements obtained from the existing system, considering pump scheduling and the effects of changing control strategy on energy consumption. The study indicated a substantial electric cost savings of R 195,000 per year. The application of a control strategy on aggregated electric loads was implemented by [2] .
The process involved automatic generation control and minimizing electricity costs for highly distributed loads to achieve aggregated power control patterns for power system control. Load pattern changes as shown in Figure 2 improved efficiency in appliance usage by reducing electricity costs incurred by customers. A control strategy for reducing peak-period electricity use loads was presented by [3] . The technique used in the research reduced powersystem overloads risk and revised load-level curve by ensuring the safe operation of distribution lines.
Increasing energy savings for chillers and water pumps by using energy in an efficient manner was proposed by [4] . The research involved a significant reduction in energy consumption for these appliances. [5] proposed energy saving strategies for controlling energy use by major appliances in order to reduce energy costs. The paper also compared energy use of office building appliances in different countries by measuring their respective energy performances. 
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The use of proper insulation materials in buildings to save energy costs was discussed by [7] . Data collected for insulation thickness, types of walls and loss of heat was analyzed using life cycle cost analysis to determine energy savings in buildings. [8] Analyzed the economic benefits resulting from applying proposed energy-saving renovation measures to buildings. However, the paper suggested that cheap electricity prices affected the implementation of energysaving measures in buildings. A strategy to reduce heating and cooling loads in buildings was developed for improving the use of energy saving measures in buildings under different summer temperatures [9] . The research introduced solar energy architecture to a building's construction process in order to make energy costs lower than those of conventional buildings. The economic analysis and evaluation of energy saving measures in households was discussed by [10] . The study proposed the upgrading of artificial lighting, insulation, installation of automatic temperature control systems and the introduction of solar heaters in buildings, as energy saving measures in order to reduce energy costs in households.
The structure of the paper is as follows. Section 1 focuses on the review of literature on energy savings in electricity consumption. Section 2 describes methods used in this research, including the various power-saving measures applied on low-power and high-power appliances; Section 3 presents results from analyzing electricity consumption data for individual appliances and their respective energy saving contribution to the electricity network. The models are validated in Section 4. Finally, the conclusions from this study are set out in the final section.
METHODOLOGY
The analysis of electricity consumption data for appliance usage is conducted to estimate energy cost savings, while applying power saving measures to individual appliances in the Faculty of Computer Science and Information Technology (FCSIT) building. The electricity consumption data of the following appliances were analyzed in this study: airconditioner (AC), lightings, computers and closed-circuit television (CCTV). These appliances were measured for an equal period of 23 days each. The measurement for AC usage was taken from October 1 to October 23; lightings were from October 24 to November 15, PC usage was from November 16 to December 8 and CCTV usage was from December 9 to December 31, 2013. The datasets for individual appliances have different dates because power-saving measures can only be applied on one appliance at a time to be more effective in assessing energy savings for each appliance.
The PM5350 (Figure 3 ) was used in collecting electricity consumption data for controlled appliance usage. Uncontrolled data was also collected from power meter installed by Sarawak Energy Berhad (SEB) and installed at the FCSIT building, UNIMAS for same period as that collected for controlled usage of appliances. The power meter installed by SEB in the FCSIT building is given in Figure  4 .The strategies used for applying power-saving measures on appliance usage are shown in Table 1 . The computation of electricity costs, with power-saving measures applied on appliance usage is based on the energy saving contributions by individual appliances to the electricity network. To compute electricity cost savings that were realized on a specific day as a result of the control, three things are needed. Firstly, it was necessary to determine the cost of electricity that has been consumed for that specific day, without the application of power-saving measures on appliance usage multiplied by the variable electricity tariff. The result of this is a cost profile of the electricity consumption in the building.
Secondly, is the computation of electricity cost as a result of the electricity measurements obtained from the power saving measures applied on appliance usage multiplied by the electricity tariff. Energy cost savings are computed for unit costs for electricity consumed by appliances based on a flat electricity tariff of RM16 per watt of power. This is conversant with the class c1 electricity billing system used by the university.
Thirdly, is to calculate the contribution to the electricity network of energy savings by individual appliances. The contribution of energy savings to the electricity network is calculated using [12] and given by:
ECS is contribution to the electricity network of energy savings, is electricity costs from the electricity network without controlled measures, and is electricity costs when controlled measures are applied on appliance usage.
As a means of validating results, the estimates obtained are compared with actual data ( [13] & [14] ). The results are acceptable if the mean average percentage error (MAPE) is less than 5.0 [13] . This validation technique investigates the performance of newly developed results compared with actual data. The MAPE is defined by [15] : (2) is actual value, is estimated value and n is the number of observations.
RESULTS
The summary of computations for energy use and contribution to total energy savings by individual appliances is shown in Table 2 . The table show the estimates achieved by individual appliances for the various periods under consideration. When control measures are applied to individual appliances, the figures show energy savings for AC to be significantly higher than all other appliances. This shows the AC and lightings to be high-power consuming appliances, with respective 39.9% and 20.3% contributions to the electricity network. On the other hand, computers and CCTV are low-power consuming appliances, with respective 8% and 0.6% contributions to the electricity network. The graphs of uncontrolled and controlled consumption for AC, lightings, computers and CCTV are shown in Figure 5 - Figure 8 . Comparing the figures, it is easy to notice some changes of electricity costs in the electricity network. It is observed from the figures that electricity consumption for appliances fluctuated, i.e., increased when control measures were absent during appliance use and decreased when control measures were applied to appliance use. These fluctuations signify either a reduction in consumption, when students are not in session or increase in consumption due to exam period when the biggest hall in UNIMAS, DeTAR, is being used for examinations. High electricity consumption in the FCSIT building can be attributed to high occupancy in the building such as when the university was in full academic session. Decreases were due to students being on inter-session vacation during these months; hence there was a decrease in the amount of electricity consumed. This makes it imperative for more efficient use of electricity and for the development of models that will assist in its efficient use. Electricity usage does not depend on electricity tariff, because the university operates an energy class c1 plan, which has a flat tariff rate of RM16 per watt, irrespective of appliance time of use. The total savings realized in the FCSIT building for 23 days for controlled usage of the AC, lightings, computers and CCTV are RM14,784.64, RM7,713.12, RM2,911.04 and RM213.12 respectively. The savings realized was significant, considering that the study was for just for a specified period.
VALIDITY OF MODELS
A cost model was developed for data collected from the application of power saving measures on appliances using the PM5350. In order to validate the model, it was synchronised with daily cost data collected from power meter installed by SEB and installed at the FCSIT building. The MAPE values for appliance usage of the AC, lightings, computers and CCTV are computed by Equation 2 and implemented on the MATLAB software. They are given as 0.064, 0.15, 0.02 and 0.03 respectively.
The MAPE values for these appliances gives are, on the average, less than 5.0. This gives an indication of the accuracy of the validation. It suggests the measurement procedure using the PM5350 gave accurate measurements when compared to measurements obtained from power meter installed by SEB. The implication is that this study would yield similar results if control measures are applied on appliances with measurements taken from the power meter installed by SEB.
Results from this study are valid because measurements for both methods of data collection are close together and their pattern is the same.
CONCLUSION
A study was conducted to determine the effect of applying control strategies on low-power and high-power appliances in order to save energy costs. Individual control strategies have different degrees of impact on energy and cost savings. The results obtained indicate that applying control strategies on air-conditioners and lighting contribute the most to savings. In many cases, the use of control on the heating system in cold climates such as the United Kingdom, Canada, New Zealand, etc., may lead to an increase in overall energy or cost savings. Also, the application of control measures on cooling systems in hot climates like Nigeria, Malaysia, Saudi Arabia, etc., will also result in energy cost savings. Overall, the use of control measures in low-power and high-power appliances will lead to substantial energy savings in buildings.
This study showed satisfactory results for the use of the control data for specific periods. It is estimated that the proposed control strategies applied on all appliances will incur more electricity cost savings. The energy savings will be more substantial if control were to be applied for a longer periods.
